Background/aim: Enlargement of laser scars after retinal argon laser photocoagulation can give rise to deterioration in visual acuity. Subthreshold micropulse diode laser may decrease this risk. The aim of this study was to compare the effectiveness of subthreshold micropulse diode laser (810 nm) and conventional argon laser (514 nm) photocoagulation for the treatment of clinically significant macular oedema in diabetic patients. Methods: 23 eyes of 16 patients were randomised to either treatment. Follow up was conducted for a minimum of 5 months. Changes in visual acuity and macular oedema measured by optical coherence tomography were examined. Results: Visual acuity remained stable in all treatment groups throughout the observation period. Changes in retinal thickness were small both foveally and perifoveally. In patients with focal macular oedema a significant reduction in retinal thickness (9% , 226 mm, p = 0.02) was seen foveally 3 months after diode laser photocoagulation. Conclusion: Subthreshold micropulse diode laser and conventional argon laser treatment showed an equally good effect on visual acuity. Subthreshold micropulse diode laser showed a stabilising or even improving effect on macular oedema. The combination of primary diode laser and supplementary argon laser might be particularly favourable in reducing diabetic macular oedema. 1173 www.bjophthalmol.com on October 24, 2019 by guest. Protected by copyright.
T herapeutic retinal photocoagulation has been practised for more than 50 years. Since the initial experiments were carried out by Meyer-Schwickerath in the late 1940s treatment has become gradually more refined, effective, and safe as new wavelengths and treatments have entered clinical practice.
The predominant wavelength used today is the argon green wavelength (514 nm) and numerous studies have shown the benefit of this laser treatment in eyes with diabetic macular oedema. [1] [2] [3] [4] [5] The Early Treatment Diabetic Retinopathy Study demonstrated that argon laser photocoagulation reduces the risk of severe visual loss in eyes with clinically significant macular oedema by 50%. 4 Visual acuity does however deteriorate in some cases despite early laser treatment. This may be the result of subretinal fibrosis, [6] [7] [8] [9] subretinal neovascular membranes 10 11 or a progressive enlargement of laser scars. [12] [13] [14] Histological studies have indicated that when applying 810 nm diode laser pulses of short duration (microseconds) the retinal pigment epithelium is almost solely affected, with little histopathological effect on the outer retina and choriocapillaris. 12 15 16 The above mentioned heat induced complications may consequently be decreased by this treatment. However, the question is whether this new treatment has an equally good effect as conventional argon laser on visual acuity and retinal thickness after treatment of clinically significant macular oedema (CSMO). Furthermore, is this treatment feasible in clinical practice? These were the questions to be answered by this prospective pilot study. Only two previous clinical studies have, to our knowledge, tried to elucidate answers 17 18 neither of which has used the objective method of measuring retinal thickness by optical coherence tomography (OCT). Table 1 shows the inclusion and exclusion criteria used in the study.
PATIENTS AND METHODS

Inclusion and exclusion criteria
The eye examination
The baseline examination included best corrected visual acuity using an ETDRS visual acuity chart at 4 metres, slit lamp examination, indirect stereoscopic ophthalmoscopy with a 90 D lens, 60˚fundus photography centred on the macula, 40˚stereo photos of macula, intravenous fluorescein angiography (FA), and OCT. The FAs were reviewed by an independent examiner. Diffuse macular oedema was defined as having two or more disc areas of retinal thickening and involving the centre of macula. 5 Focal oedema was defined as an area of retinal thickening less than two disc areas in diameter not affecting the centre of macula.
Follow up examinations were performed 1, 3, and 6 months after laser treatment. All baseline examinations were repeated with the exception of FA, which was not repeated if the eye was deemed stable and required no further photocoagulation treatment.
Optical coherence tomography OCT scanning was performed by one of the authors (MLL) using a Humphrey optical coherence tomography scanner, version 1 (Zeiss Humphrey Instruments, Dublin, CA, USA). Six radial scans centred on the fixation point were performed through a dilated pupil in a spoke pattern. Each scan had a length of 6 mm.
The values of the retinal thickness for each of the 100 interferometric A-scans obtained by the OCT were extracted from the scanning software (version A6.1). As the nerve fibre layer in some cases has an inadequate signal to be detected by the OCT algorithm and retinal membranes and hard exudates may have too high a signal, artefacts occur. These artefacts have been corrected by hand using a ruler. The height of the retina between the front of the nerve fibre layer and the retinal pigment epithelium (RPE) in the area of artefacts Abbreviations: CSMO, clinically significant macular oedema; FA, fluorescein angiography; OCT, optical coherence tomography; RPE, retinal pigment epithelium were measured and the distance was converted to a distance on the retinal plane using the standard calibration in the OCT apparatus. For quantitative evaluation the macula was divided into nine ETDRS areas 19 including a central disc with a diameter of 1000 mm and an inner and outer ring, each divided into four quadrants, with diameters of 3000 and 6000 mm, respectively. The mean thickness of each of the nine areas (A1-A9) was calculated as described by Massin and co-workers. 20 Left and right eyes were treated as a reflection of each other.
The mean retinal thickness in ETDRS area A1-A9 measured by OCT was assessed in 20 eyes of 20 healthy volunteers (five men and 15 women, mean age 42 years; range . Results are shown as mean (SD) in figure 1 .
Macular oedema at the baseline examination in each EDTRS area was defined as a retinal thickness > mean value +2 SD of healthy control eyes. In patients with diffuse oedema the retinal thickness was calculated in ETDRS area A1 and as an average of ETDRS area A2-A9. In patients treated focally the retinal thickness was calculated in ETDRS area A1 in the same manner. In the perifoveal areas (A2-A9) the mean retinal thickness was calculated only for areas with defined oedema at the baseline examination.
The intraobserver reproducibility of the retinal thickness measurement was assessed in 10 eyes of 10 healthy subjects (four men and six women). Six consecutive radial scans were performed three times with at least a 5 minute interval. The mean intrasession coefficient of variation in each ETDRS area is shown in table 2. The mean intrasession coefficient of variation in ETDRS area A1 and in area A2 to A9 was 2.6 (1.1) and 0.5 (0.2) respectively. A significant change in retinal thickness was defined as a change > mean coefficient of variation +2 SD, which was 4.8% in ETDRS A1 and 0.9% in area A2-A9.
Randomisation
Informed consent was obtained from all patients and randomisation was carried out by stratified block randomisation according to the extent of macular oedema to either argon green (514 nm) or subthreshold micropulse diode laser (814 nm) treatment. If a patient had both eyes eligible for randomisation, both eyes were randomised independently.
Patients
Twenty three eyes of 16 consecutive patients referred to the department of ophthalmology at Odense University Hospital with clinically significant diabetic macular oedema as defined by the ETDRS 4 were recruited for the study over a period of 11 months in 2001.
A flow diagram of patient progress through the study is shown in figure 2 .
Laser treatment
All patients were treated as outpatients. Written informed consent to the treatment protocol was obtained and the study was approved by the local ethics committee of Fyn and Vejle counties.
After randomisation, laser photocoagulation was applied using either argon green laser (514 nm, Novus 2000, Coherent Inc, Palo Alto, CA, USA) or diode laser (810 nm, Iris Medical Oculight Slx Laser, Iridex Corp, Mountain View, CA, USA) with an adapter attached to a Haag-Streit slit lamp microscope. Light was focused on the retina using a Mainster Focal/Grid Laser contact lens (Ocular Instruments, Bellevue, WA, USA). The area of macular oedema was treated with standard grid pattern or focal photocoagulation as described by ETDRS. 21 In patients treated with argon laser a spot size of 100 mm was used and the laser applications were placed one spot size apart in the area of retinal thickening. No spots were applied closer to the foveal avascular zone than 500 mm. A duration of 100 ms was used and the treatment goal was to keep the burns as light as possible, obtaining burns just barely visible at the level of the outer retina. Microaneurysms were treated directly.
Patients randomised to diode laser photocoagulation were treated by one of two observers (MLL or AKS). A spot size of 125 mm was chosen. The power was initially adjusted upward to the minimum threshold value for a barely visible burn in normal mode and duration of 100 ms. Then the power was set at half that value and the apparatus was changed to micropulse mode with the ''on'' time set at 0.1 ms (100 ms) and the ''off'' time set at 1.9 ms (1900 ms) in a pulse envelope of 2000 ms duration. As the pigment in the RPE changes over the area of treatment the visible threshold was checked occasionally. In accordance with previously performed studies 17 18 and as diode laser radiation is poorly absorbed by haemoglobin, microaneurysms were not specially targeted.
After 3 months of follow up, supplementary treatment was performed in areas of persistent retinal oedema as judged by stereoscopic indirect ophthalmoscopy and confirmed by FA and OCT (retinal map function).
After treatment the patients were observed by the authors for a minimum of 6 months.
Outcome measures included visual improvement/loss by more than two lines (10 letters) on the ETDRS chart and reduction/elimination of macular oedema evaluated by OCT as previously defined.
Statistics
Analyses were performed according to the intention to treat principle. Group comparisons were performed with the Mann-Whitney test for independent samples. A two tailed p value of less than 0.05 was considered significant. A nonparametric one way analysis of variance, the Kruskal-Wallis test, was used to test for variance between combinations of treatment. Linear correlation was analysed using the Pearson's product moment correlation coefficient (r) and matching significance of the correlation.
RESULTS
Fifty eight patients were screened for eligibility. Twenty three eyes of 16 patients were included and followed for 6.5 (SD 1.5) months on average. Patient data are shown in table 3. Information regarding laser treatment and results for each patient is shown in table 4.
During the follow up period one patient (patient 8) had an increase in HbA 1c of more than 1% (from 6.4 to 7.8). This did not affect his visual acuity, which increased form 0.16 to 0.50 (23 letters on the ETDRS chart). His retinal thickness showed no uniform change in that period. Two patients (three eyes) were excluded from the study during the observation period, one on account of proliferative retinopathy, the other because of a cerebral stroke. Two patients had amputations of lower extremities performed during the study.
None of the 23 eyes included had heavily pigmented fundi. For primary laser photocoagulation the following settings were used (table 5) .
Fifteen eyes required further laser photocoagulation after 3 months follow up (nine eyes treated with diode and six eyes treated with argon laser). Supplementary diode laser photocoagulation was only given to three patients. As the subthreshold micropulse diode laser photocoagulation spots were not visible in most eyes on FA after 3 months, and a further 1 month after re-treatment, verification of treatment effect was not possible. Thus in order to comply with the approval from the institutional ethics committee all patients were subsequently re-treated with conventional argon laser.
No laser related complications were observed within the 6 months of observation in either group.
Throughout the study visual acuity was stable (plus or minus 10 letters) in all four treatment groups (table 6). After 3 and 6 months there were no significant differences in visual acuity between the two treatments in patients treated focally or diffusely (p.0.05).
Comparison of the effect of photocoagulation on retinal thickness in focal and diffuse oedema is shown in table 7. Patients randomised to argon laser photocoagulation for focal oedema had a retinal thickness in area A1 at baseline that on average was 50 mm thicker than in the respective diode laser group. This difference was not statistically significant. Regardless of areas (A1, A2-A9) and type of oedema, argon laser gave rise to a small increase in retinal thickness within the first 3 months after laser photocoagulation followed by a decrease during the following 3 months.
After diode laser photocoagulation changes in retinal thickness were more heterogeneous. Patients with focal oedema had a decrease in retinal thickness foveally (area A1) of 9% (corresponding to 26 mm) 3 months after treatment. This decrease, in percentage terms, was statistically significant compared to argon laser (p = 0.02). Conversely, the retinal thickness continuously increased foveally 3 and 6 months after grid treatment. In this group, three patients received supplementary argon laser photocoagulation. Perifoveally (area A2-A9) retinal thickness decreased both 3 months and 6 months after focal and grid diode laser photocoagulation. None of the changes in area A2-A9 differed significantly between the two treatment groups (table 7) . Pooling results for both types of oedema, thus obtaining a larger number of patients, did not demonstrate any difference in retinal thickness between the two treatments (table 7C) .
The effect of treatment combination (one treatment or combinations of argon and/or diode laser photocoagulation) did not differ in focal or diffuse oedema (p.0.05). Only when comparing all patients treated with diode with all patients treated with argon did the combination of diode-argon treatment seem to be most effective in area A2-A9, and the result almost reached statistical significance (p = 0.05).
Pearson's correlation coefficient between foveal retinal thickness and visual acuity in logMAR readings at baseline was 0.20 (p = 0.37).
DISCUSSION
The clinical effect of diode laser photocoagulation in the treatment of diabetic macular oedema has been presented in several studies [22] [23] [24] [25] [26] but only a few have used subthreshold 27 or subthreshold and micropulse settings. 17 18 All studies agree that the diode laser is effective in reducing macular oedema and stabilising visual acuity and that the effect is comparable to treatment results after argon laser photocoagulation. 22 25 26 Treatment results from the two reported studies using subthreshold micropulse diode laser photocoagulation are difficult to compare with our results as different methods have been employed. Neither of the two studies described have used inclusion or exclusion criteria in order to select patients without confounding ocular or medical diseases. The proportion of patients with pigmented fundi has not been described although it is crucial for the power needed to give effect. 26 28 Also the effect on retinal thickness has been evaluated by different methods in the performed studies. In all previously mentioned studies changes in retinal thickness have been based on stereoscopic biomicroscopy, fundus photographs, and FA, and results have been presented as numbers of patients with reduction/stabilisation or increase in retinal thickness. Slit lamp examination has, in comparison with OCT, proved to be unreliable in detecting an increase in retinal thickness smaller than 250 mm. 29 Further analysis of the blood-retinal barrier with FA may not be sufficient to fully appreciate macular oedema 30 and only an intermediate relation (r = 0.44, p = 0.01) between the average retinal thickness measured by OCT and the leakage score derived from FA has been found in a previous study. 31 Several studies have demonstrated that OCT is able to measure retinal thickness in diabetic macular oedema objectively and with high accuracy. 20 32 This method has so far not been used to measure treatment effect of diode laser photocoagulation but two studies have demonstrated reduction in foveal thickness after argon laser photocoagulation of CSMO (Rivellese et al; five eyes 33 and Lattanzio et al; 52 eyes 34 ).
In agreement with previously performed studies 17 18 we found subthreshold micropulse diode laser photocoagulation to have a stabilising effect on visual acuity. The effect on macular oedema measured with OCT was stabilising or even produced improvement. Instead of a single measurement of retinal thickness in the central fovea we used the full length of the six radial scans in order to visualise changes in extrafoveal macular oedema as well. Three months after focal diode laser treatment a significantly beneficial effect was seen in area A1 in comparison with argon laser photocoagulation. After 6 months five out of six patients in this group had received supplementary treatment (three diode and three argon treated) and the difference between the two groups had now disappeared. This might be the result of the increase in retinal thickness observed, especially foveally, after argon laser photocoagulation. The reverse was seen perifoveally, where the combination of primary diode laser and supplementary argon laser photocoagulation seemed to be favourable.
Results from previous studies in patients with diabetic macular oedema 35 36 have shown correlation coefficients between visual acuity in logMAR readings and the foveal retinal thickness of r = 0.64 and r = 0.68 (p,0.01). In the present study we could not confirm a significant correlation on univariate analysis (r = 0.20, p = 0.37).
Our patients were recruited from an outpatient clinic with a preponderance of patients with numerous microvascular and macrovascular complications. This was the reason for the many cardiovascular events and exclusion of patients during the observation period. Because of ethical considerations we were unable to follow the patients without supplementary treatment for a longer period of time than reported (3 months) before re-treatment. A third untreated control group would have been desirable in order to follow the natural history of changes in retinal thickness among patients with CSMO, but was not considered ethically acceptable.
In clinical practice we found subthreshold micropulse diode laser photocoagulation difficult to use. Laser burns at suprathreshold power only became visible after several seconds, making the correct power settings difficult and time consuming. As treatment applications in subthreshold micropulse mode are invisible, a clear treatment plan is demanded. Recently indocyanine green angiography has been shown precisely to localise subthreshold infrared laser (810 nm) photocoagulation sites immediately after treatment. 37 Although this procedure will not make treatment sessions shorter, the method could be advantageous in identifying the location of laser lesions to assess initial therapy, avoid re-treating previously treated sites, and plan additional laser therapy if indicated.
In conclusion, we found subthreshold micropulse diode laser photocoagulation to have an equally good effect on visual acuity as conventional argon laser photocoagulation after 3 and 6 months of observation. After 3 months a significant reduction in macular oedema was seen foveally after focal diode laser treatment. Changes in retinal thickness after grid treatment and 6 months after focal diode laser photocoagulation were not significant. As only a few small studies concerning the effect of subthreshold micropulse diode laser have been performed so far, larger controlled trials are needed if this is to be considered for routine treatment in the future management of diabetic macular oedema. The mean retinal thickness in ETDRS area A1 and A2-A9 at baseline, 3, and 6 months after focal or grid photocoagulation with either diode or argon laser stated as mean (SD). Percentage change, change in mm, and range of change compared to baseline examination in parentheses (%, mm, range).
